tissue. It has been shown that in most mammals, including man, the umbilical circulation is the only important route by which the fetal body acquires substrates from the maternal environment (2) .
Although the umbilical uptake of substrates by the fetus can be measured by the application of the Fick principle (in which umbilical blood flow and venous arterial concentration differences are determined simultaneously), to date, however, accurate measurement of the fetal uptake of the individual AA has been made in only one species, the fetal lamb, and then only late in gestation (8, 9) .
No human data are available on uptake of AA and information on the circulating concentrations of AA during early gestation is scarce (3, 10, 12) . Moreover, the usefulness of the available data is limited because of the circumstances of blood collection. Thus, earlier studies were performed on fetuses at hysterotomy after placental separation and under maternal anaesthesia (3, 12) , while only one fetal vessel was sampled in a more recent study in which blood samples were obtained by fetoscopy (10) .
In order to overcome these difficulties we have taken advantage of the opportunity to collect simultaneous maternal and fetal artery and vein blood samples during fetoscopy without significant uterine or fetal manipulation. Herein we report results of measurement of plasma AA concentrations. Circulating concentrations of other metabolites, metabolic fuels, and hormones have also been measured and will be reported separately (1).
PATIENTS AND METHODS
Ten mothers at 18-21 wk gestation (mean 19 wk) were subjected to fetoscopy and fetal blood sampling immediately before termination of pregnancy for social reasons, within the terms of the 1967 Abortion Act; abortion was induced with intraamniotic instillation of prostaglandin immediately following the fetoscopic procedures. The study was approved by the hospital ethics committee and informed consent was obtained from the mothers. The mothers fasted for 12-14 h prior to fetoscopy. They remained conscious during the procedure but were sedated 2 hr preoperatively with 20 mg papaveretum given intramuscularly, and then with 5 mg diazepam given intravenously 10 min before the fetoscopy. Blood samples of 1.0 ml were withdrawn from the U A and U V under direct vision without physical manipulation or disturbance of the fetus: samples were confirmed to be of fetal origin by using the Kleihauer staining technique. Simultaneous MV blood samples were also collected.
Gestational age was determined from the date of the last menstrual period and confirmed by ultrasound. The mean body weight of the fetuses was 302 g (range 173-446 g).
Immediately on withdrawing, blood was added to a heparinized tube and centrifuged. Plasma AA were measured in the protein-free supernatant of plasma by automated ion-exchange chromatography by using ninhydrin detection. The interassay coefficient of variation for residues was 3.9%.
Differences in means of maternal and fetal concentrations were tested by the unpaired Student's t test, and umbilical VA differences were tested by the paired t test. Linear regression equations were calculated by the least squares method, and their slopes were tested for significance by the F ratio test.
RESULTS
The concentrations of individual AA in MV and fetal vein and artery are compared in Table 1 . It is apparent that all AA had a significantly higher concentration in fetal than in maternal plasma. The fetal-maternal ratio, therefore, was greater than 1.0 for all AAs, but there was considerable variation with a range from 1.4-4. The total molar concentration of the 17 AA measured in this study was 2.4 times greater in fetal than in maternal plasma (2.26 versus 0.96 mmol/liter).
There was a significant direct linear relationship between maternal and fetal levels for 14 AA the slope of the regression line being similar for most AA ( Table 2) .
The mean umbilical VA concentration differences are ordered according to magnitude in Figure 1 . It can be seen that the mean VA concentration difference was positive for the majority of AA. Plasma concentrations of glycine, alanine, isoleucine, leucine, phenylalanine, and histidine were significantly ( p < 0.05) higher in the UV. Mean 
DISCUSSION
The existence of a higher fetal than maternal a-amino nitrogen concentration has been described previously in all species studied, including man during both early and late gestation (for review see Ref.
2). However, the validity of the observations for early human pregnancy made at hysterotomy has been questioned in a recent paper (10) because of the unphysiological conditions of sampling. The results of the present study confirm the existence of a fetomaternal gradient for AA at midterm gestation in human pregnancy. The total molar concentration of the 17 AA measured in our study were more than twice as high in the fetal than in the maternal plasma.
Apart from confirming the presence of a fetomaternal gradient for AA, the present results show that there are important quantitative and aualitative differences between our data and those derived from'hysterotomy studies. Fetal concentrations reported in these latter studies are generally much higher than those found in our study, probably d; e to the reduction in blood flow which occurs at hysterotomy through both the separated fetus and placenta (12) . In fact, a similar rise, producing spuriously high fetal plasma AA levels have been also observed in the chronic sheep preparation during fetal surgery (1 2).
A further important observation questioning the physiological significance of data obtained at hysterotomy concerns the lack of a significant linear relationship between maternal and fetal plasma levels (3, 12) . Our results are in agreement with previous reports from experimental animals (7) and human studies in late gestation (12) showing a significant positive correlation for most AA. This again suggests that during hysterotomy, impaired transfer occurs, most probably due to placental and fetal separation prior to sampling. It is also noteworthy that our data confirm substantial differences in the profiles of the concentrations of AA between the human and sheep fetus (8, 13) .
The umbilical VA concentration differences found in the present study seem to confirm previous data obtained for the latter part of gestation (6, 8) . However, net umbilical uptake of individual AA cannot be calculated from these measurements for the following reasons. First, significant positive AV difference (due to the large variation in the case of some AA, e.g. valine, lysine, threonine) was found for only six AA. Second, the umbilical VA difference for some AA (e.g. tyrosine, serine, ornithine) were smaller than the coefficient of variation for the method, thus exceeding the ability of chromatography to measure differences. Third, umbilical blood flow could not be measured.
Despite these limitations, our data are the first to describe umbilical venous and arterial plasma levels in the minimally stressed human fetus at midterm gestation. Furthermore, the demonstration of the largest significant positive VA concentration difference for alanine implies that there is a high uptake of this nonessential AA, making it the major source of fetal nitrogen as well as being possibly an important source of nonglucose carbon supplied by the mother (6, 11 ). This appears to be in contrast to the fetal lamb, where the greatest umbilical VA difference was found for glutamine (8) . While emphasizing these important species differences, it is of interest to note that both alanine and glutamine are major substrates for transamination and gluconeogenesis. Nontheless it is clear that it is not possible to extrapolate data derived from the sheep fetus to man, particularly since sheep have a more rapid growth rate and an entirely different body composition (2) .
Although the fetomaternal gradient for plasma urea was comparable to that found at term (S), the value did not achieve statistical significance obing to the wide scatter of the data. In agreement with earlier studies (2) , no significarlt VA concentration difference could be detected for urea, making the application of the Fick principle impractical for the measurement of fetal urea excretion (4) .
We conclude that blood samples derived from the fetus at fetoscopy allow a new approach to defining the interrelations of maternal and fetal metabolism during the 2nd trimester of human pregnancy. With the measurement of umbilical blood flow and further refinement of analytical techniques, it would be possible to quantify the nutrient requirements during gestation in man.
